Application of exogenous ethylene in combination with gibberellic acid (GA3), kinetin (KIN), and/or CO2 has been reported to induce germination of lettuce seeds at supraoptimal temperatures. However, it is not clear whether endogenous ethylene also plays a mediatory role when germination under these conditions is induced by treatment regimes that do not include ethylene. Therefore, possible involvement of endogenous ethylene during the relief of thermoinhibition of lettuce (Lactuca sativa L. cv Grand Rapids) seed germination at 32°C was investigated. Combinations of GA3 (0.5 millimolar), KIN (0.05 millimolar), and CO2 (10%) were used to induce germination. Little germination occurred in controls or upon treatment with ethylene, KIN, or CO2. Neither KIN nor CO2 affected the rate of ethylene production by seeds. Both germination and ethylene production were slightly promoted by GA3. Treatments with GA3 + CO2, GA3 + KIN, or GA3 + CO2 + KIN resulted in approximately 10-to 40-fold increases in ethylene production and 50 to 100% promotion of germination as compared to controls. Initial ethylene evolution from the treated seeds was greater than from the controls and a major surge in ethylene evolution occurred at the time of visible germination. Application of 1 millimolar 2-aminoethoxyvinyl glycine (AVG), an inhibitor of ethylene synthesis, in combination with any of above three treatments inhibited the ethylene production to below control levels. This was accompanied by a marked decline in germination percentage. Germination was also inhibited by 2,5-norbornadiene (0.25-2 milliliters per liter), a competitive inhibitor of ethylene action. Application of exogenous ethylene (1-100 microliters per liter) overcame the inhibitory effects of AVG and 2,5-norbornadiene on germination. The results demonstrate that endogenous ethylene synthesis and action are essential for the alleviation of thermoinhibition of lettuce seeds by combinations of GA3, KIN, and CO2. It also appears that these treatment combinations do not act exclusively via promotion of ethylene evolution as the application of exogenous ethylene alone did not promote germination.
The optimum temperature for the germination oflettuce seeds is in the vicinity of 20°C, though differences are encountered among varieties and seed lots (12, 20, 23) . Germination is inhibited at temperatures above the optimum (thermoinhibition), often falling sharply to reach zero within a narrow temperature range (12, 16) . The a state of secondary dormancy termed as thermodormancy (2) . Effects of a number of treatments have been studied in attempts to overcome thermoinhibition and thus prevent the induction of thermodormancy (2, 11, 13) . Among these, GA3 has been generally found ineffective whereas KIN3 and ethylene have been reported to cause variable degrees of promotion (1, 11, 15, 18, 21) . In addition to a variety of interactions among these plant hormones, their effects have also been reported to be markedly augmented by CO2 (10, 13, 14) . However Figure 1 by the example of seeds treated with GA3 + KIN + CO2. Initial ethylene evolution by treated seeds was slightly greater than in controls and increased slowly during the first 10 h of imbibition followed by an accelerated increase up to 24 h. Visible germination commenced approximately 12 h after imbibition, concomitantly with the surge in ethylene evolution. Similar relationships between germination and ethylene evolution were observed in seeds treated with GA3 + KIN or GA3 + CO2 (data not presented). Thus, of the two phases of ethylene evolution from the seeds subjected to these treatments, only the initial phase of a slower rate of ethylene production could be a potential cause ofgermination. The progressive increase in ethylene evolution may be partially attributable to an increase in the number of metabolically active seeds that produce ethylene within a treated population.
Application of AVG along with GA3 + C02, GA3 + KIN, or GA3 + KIN + CO2 inhibited the ethylene evolution throughout the incubation period (Fig. 2) to levels even lower than those arising from untreated control seeds (Fig. 1) . This inhibition of ethylene evolution was accompanied by a marked reduction in the percent germination in each case, although complete inhibition of germination was not observed (Table I ). The inhibitory effects of AVG on germination were completely reversed by the exogenous application of ethylene to seeds subjected to all three germination-promoting treatments in the presence of AVG (Ta-Plant Physiol. Vol. 81, 1986 ble I). In fact, ethylene at 10 l L-' not only reversed the AVGinduced inhibition, it was also able to accentuate the effects of GA3 + CO2 and GA3 + KIN to the same extent as observed in the absence of AVG (Table I) .
Since reduction in ethylene synthesis did not completely eliminate germination, inhibition of ethylene action was attempted using 2,5-norbornadiene (19) . Only one of the treatments, GA3 + KIN + C02, was employed for the induction of germination since this combination included all the factors being studied. Over 90% of the seeds germinated in response to this treatment.
The germination was inhibited by norbornadiene at all the concentrations between 0.25 and 2 ml L' with only 7% germination at the highest concentration (Fig. 3A) . Ethylene, at concentrations of 1 to 100 ul L', effected a concentration dependent reversal of the norbornadiene-induced inhibition of germination (Fig. 3A) . Germination induced by GA3 + KIN + CO2 was reduced to nearly 60% by the addition of AVG and the residual germination was further inhibited by norbornadiene to 7% at the highest concentration of 2 ml L' (Fig. 3B) . Application of 10 ul L' ethylene alleviated the inhibition caused by AVG + norbomadiene (Fig. 3B) .
The results have shown that endogenous ethylene synthesis and action are essential for the relief of thermoinhibition of lettuce seed germination by combinations of GA3, KIN, and CO2. Since only the pregermination ethylene synthesis could be implicated in the induction of germination, it is significant that ethylene production during this phase from seeds that eventually germinated was greater than that by nongerminating controls (Fig. 1) . Application of AVG depressed the ethylene production by treated seeds to levels lower than those emanating from seeds imbibed in H20 (cf Figs. 1 and 2) . Further, the promotive effects of the GA3, KIN, and CO2 treatment on germination were markedly diminished by AVG. Though germination declined considerably in the presence of AVG, it was not completely inhibited despite a substantial decline in ethylene evolution.
However, application of 2,5-norbornadiene, a competitive inhibitor of ethylene action (7, 19) versed by the exogenous application of ethylene. These results suggest that the seeds that germinated even after the ethylene synthesis was inhibited by AVG, probably had a very low ethylene requirement, which was fulfilled by the residual ethylene synthesis occurring in the presence of AVG. A low ethylene requirement by these seeds is also indicated by the fact that AVG was less inhibitory in the closed bottles than in the 'flow-through' system (cf Fig. 3 and Table I ); some ethylene accumulation could have occurred in the closed system. Ethylene accumulation to levels above the threshold for activity could also be a possible Vertical bars, SE; where no bar exists, the SE value was smaller than the symbol.
reason that Kgpczyfiski and Karssen (7) (17) (Table I ). It appears that combinations of GA3, KIN, and C02, apart from enhancing ethylene production, induce other metabolic changes that act in concert with ethylene to bring about germination. This possibility was also suggested by Dunlap and Morgan (4) .
Although exogenous ethylene has been shown to affect the germination of many species (8, 14, 22) , a positive requirement for the action of endogenous ethylene has been previously demonstrated only for the germination of nondormant seeds of A. caudatus L. (7) . Most other reports that implicate endogenous ethylene in germination have been based on indirect evidence such as the observation of an increase in ethylene production prior to germination, correlations between dormancy levels and ethylene production, or a depression of germination upon removal of ethylene from the air surrounding the seeds (6, 8, 9 
